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(57) Abstract 



A composite multifunctional microstructur* which comprises at leasr one functionalising material associated with a microstructure 
wherein the microsirocmre comprises a layer of relief forming material preferably comprising an at least partially UV curable relief forming, 
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MULTIFUNCTI ONAL MirnO$TRTJCTURES 
AND PREPARATION THEREOF 

The present invention relntcs to multifunctional rro'crostructures comprising fine line microcircuits 
and/or micro arrays or fiinctionalising material, a method for production and the use thereof in 
mierosystcms, to apparatus for ihc production thereof, and to microsystems comprising the 
niicrostructures of the invention. In particular the invention relates to multifunctional 
rnicrostructures comprising fine line circuitry and/or array* of electrically active material 
associated with micro relief elements or arrays of elements for micro-optic, racroJluidic, micro- 
electricnl, micro-acoustic, micro-magnctic. micro-biolosical and/or micro-mechanical 
applications, to a method for production and use thereof in multifunctional microsystems, 
apparatus for the production thercor. and 10 multifunctional microsystems comprising the fine Jinc 
structures. 

For the development of new microsystems products there are requirements not only for 
microelectronics in chip form but also for a range of mieromachincd components that link, or are 
15 linked to, chip processors, for example display modules, sensors, actuators, power sources or 
information receiving/transmitting ahtennne. 

In order to offer full microsystem solutions-, microelectronic components need to be integrated 
with microniachined components. The microelectronic components allows the intelligence to be 
put into the system often through the use of silicon chips (ASICs). With miniaturisation of chips 
20 and the demand for increasing numbers of functions per unit area, there is a requirement for finer 
micromachined components, in particular interconnect structures, of increasing complexity, 
without loss of quality 01 robustness, Hint may be incorporated in flexible orrigid printed circuit 
boards for example. 

A trend towards miniaturisation in manufacturing is well established, particularly in the 
25 microelectronics and computing fields. The requirements for small size and high precision arc 
becoming increasingly important in other areas such as computer displays, healthcare products, 
fibre optics, communications and sensors of all kinds. 

Whilst in some applications it is possible to integrate all microsystem functionality on a single 
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chip, hybrid microsystems often outperform single substrate technology and can provide great 
flexibility. In hybrid microsystems the technology that is best suited to each component is 
employed and advanced interconnection techniques ore used to link all the components or sub- 
systems together. This invention provides advanced intcrconnccrion products and techniques. 

Single substrate fabrication depends on liltoflraphic processes developed by the semi-conductor 
industry and involves the use of masks to allow exposure of patterns into photo-sensitive 
materials that allow selective etching to provide surface reliefs. More complex three dimensional 
or multi layer structures can be created by repeated use of deposition, exposure and etching 
processes. 



Currently reel to reel techniques for production or flexible printed circuit boards employ 
lithography to introduce circuitry into copper filled laminates. Alternatively printing methods h 0 v* 
been developed using k»vcr conductivity materials such as conducting inks for applications where 
high resolution is not a requirement. Existing reel to reel printing and lithographic processes do 
15 not provide the requisite small size and precision demanded by industry trends and are limited in 
functionality. 



are 



There is therefore a need to provide high resolution miniaturised microstructures which 
capable or supporting additional materials in multifunctional manner, and a convenient low cost, 
preferably reel to reel method for the production thereof, in particular in a variety of substrates 
20 and complexity of designs. 

We have now surprisingly found that multifunctional microsrructurcs may be provided which are 
capable of meetingthe aforementioned objects in admirable manner and which may be produced 
by a convenient method which is associated wtli additional advantages and accesses a new range 
of uses and applications. 

25 Accordingly in its broadest aspect there is provided according to the present invention a 
multifunctional microstruchTc which comprises at least one functioning material associated 
with a microstructure wherein the microstructure comprises a layer of relief forming material 
preferably comprising an at least partially UV curable relicrforming polymer having a plurality 
of relief features formed therein to provide at least one retaining feature, and wherein d>e 

30 functionalist material is deposited within and substantially or partially fills or loies the at least 



JUN. 27. 2000 10:34AM OIPC 220 12W 01 

WO 98/21626 



NO. 1527 P 

PCT/GB97/03008 



one retaining feature. 
Preferably the system comprises :- 

a) An optional/dispensable first layer of a first substrate, the optional/dispensable firstlnyer 
having a receptive surface capable of retaining a relief forming polymer, 



5 b) 



25 



en optionally disposable second layer of a relief forming polymer that is preferably at 
least partially UV curable, over the receptive surface; 



c) aplurnJiiyof optionally dispensable relief features formed in the second layer of relief 
forming material to provide at least one retaining structure; and 

d) a third layer of nt least one fimctionalising mntcnal deposited within and substantially or 
10 partially filling or lining the nt least one retaining feature. 

It is a particular advantage that the functionnlising material may be deposited within the at least 
one retaining feature with thickness, deposit width or spacing between adjacent deposits of the 
order of micro level to molecular level, and may advantageously be used for microordcrs of 25 
micron and less. The microstntccureof the invention provides as a particularly novel feature the 
15 ability to achieve such deposits of the order of 15 micron and less, more preferably 10 micron and 
less. It is envisaged thai the material may be deposited in dimensions down to even orders of 1 
or 0. 1 micron. 

The functional ising material may comprise. 

any substantially non UV curable non polymeric material such as a targeted growth 
20 material which may be obtained by deposition of a marker material such as a catalyst in the 
retaining features, with subsequent growth thereon; or 

any partially or substantially UV curable polymeric materia). 



For applications requiring efficient electrical conduction the former is preferred, although 
the latter may be employed. Known materials therefore mcludc any suitable metals, alloys, and/or 
composites of metallic and non-metallic magneto or electrically active materials. The present 
invention is therefore characterised by the integration of functionalist materials in 
microfractures which may be prepared in convenient manner with use of micromouldmg 
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technology. Reaction micromoulding or writing is preferred, for example micromoulding such 
ss advancing line of contact UV embossing technology as disclosed in International Patent 
Applications PCT/GB94/02 1 18 and PCT/GB96/01096 the contents of which are incorporated 
herein by reference, or progressive writing or dispensing UV frceforming technology using a 
5 suitable writing or dispensing no*/-te associated with frceforming methods for example as in P 
D Calve* et al, Chem Mater 1997. 9(3), 650*663 "Chemical solid freeform fabrication; waiting 
shapes without moulds" Moreover, multifunctional microstiucturcs comprising non-po)vroeric, 
non-UV curable or polymeric, optionally UV curable functionalising materials in addition to 
polymeric at least partially UV curable relief forming materials may be produced by a novel 
10 adaptation of the UV embossing technology as disclosed in International applications above 
referred, in particularly advantageous manner. Specifically, the mtcrostructure and method for 
the production thereof, aecordmg to the present invention have enabled the realisation of a whole 
range of new uses, by virtue of the unique nature thereof. 

The relief forming material as hereinbefore defined may optionally comprise or include at least 
15 one funciionalismg material as hereinbefore defined which is the same as or different to, and is 
advantageously different to that deposited in the at least one retaining feature. 

Functionalising material as herein referred comprises any material adapted for energy 
differentiation (separating materials of different phases for example bydielectrophoresis, 
separating or shielding light or selected wavelengths), energy manipulation (transporting 

20 materials by capillary action), energy conversion between different forms, transformation of 
energy density, (transformation of voltage, wave length conversion of fight and the like), spatial 
transformation (transportation of energy, power transmission, communicauon and the like) and 
transformation along a time scale (energy storage, data storage* for example batteries or magnetic 
data storage and the likx). Examples of energy conversion which may be particularly attractive 

25 for microsystem applications arc disclosed in "An Introduction to Speciality Polymers'', ed. Norio 
Isc & Iwao Tabushi, Cambridge University Press, 1983. Chapter 4 "Polviners having Energy 
Convening Capability" Shigco Tazukc ; and in particular include mechanical to electromagnetic 
conversion (Piezoelectricity* sound pressure to electricity conversion in microphones and 
pickups), thermal to electromagnetic conversion (snitching device by means of thermo-optic 

30 effect), photo to chemical conversion (photovoltaic or photo electric effect), chemical to 
electromagnetic conversion (various sensors with functionnliscd electrodes). Conversions may 
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15 



25 



be for sensing aetuatmg or for reading or monitoring purpose. By implication therefore 
fuiictionalising materials include any material, having properties selected from electric, magnetic 
and ferroelectric. 

In a first object the invention provides miniaturised micro-structures as hereinbefore defined 
wherein miniaturised fine lines are substantially free from distortion effects by virtue of highly 
precise production techniques. 

In a further objeet the present invention provides miniaturised microstmctures as hereinbefore 
defined comprises miniaturised fine lines providing track density comparable with high pin out 
densities of currently miniaturised microchips to enable direct chip on board mounting. 

In a further object the present invention provides miniaturised microstnieturcs as hereinbefore 
defined comprising miniaturised fine lines providing automatic identification such as bar codes 
which may be interrogated optically, magnetically, by microivavc or other means. 

In a further object the present invcmion provides miniaturised microstmctures as hereinbefore 
defined comprising miniaturised fine lines having fowdensity fine line coverage adapted for high 
optical transmission for displays and the like, combined with features of security, reducing 
unauthorised, indirect line viewing, and the like. 



In a further object the present invention provides miniaturised microstnieturcs for use in 
roultifuncuonal applications and/or enhnucing efficiency of application by use of niimatunsed fine 
lines associated with the relief shape and/or aspect ratio derived from at least one retaining feature 
20 of the micro $ tructurc. 

In a further objeet the present invention provides miniaturised microstructures comprising three 
dimensional microcircuitry devices, by use of connection in a plane of layers as hereinbefore 
defined and between additional planes of such layers, or by- use of highly flexible circuitry which 
may be folded into a three dimcnsioi^l shape form.niaturisniionofpnjducts, and/or associabon 
with other multifunctional modules in fault tolerant manner with improved robustness of circuit 
tracks to failures, with provision or progressive failure safeguards 

In a further object the present invention provides miniaturised microstmcrures in the form of an 
integrated m,crosys,cm comprising fine line circuitry together with assented packaging wherein 



I 
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addition.! faction** is provided by the packaging, and / or thc p^,^ fl ^ 

relief array or microsystem .is hereinbefore defined for efficiency of production. 

In a further object the present invention provides microstructures adapted for use with 
miniaturised and conventional systems for multifunctional and conventional purpose. 

In a further object, the present invention provides mimnturiscd nucrwtructurcs comprising fine 
line arrays in which shape and/or conductivity is adapted to provide desired electromagnetic 
signature for a signal reception or broadcast. 

In a further object, thc present invention provides miniaturised microstructures adapted for use 
« microeleetrodcs in bio-electrical applications, in the order of molecular level for compatibility 
wth chemical ood/or biological acfve functions, adapted for measurement M bio-sensors with 
enhanced measurement efficiency per unit ore, by virtue of the compatibility of the electrode size 
with the part,cle size or moleculor level dimensions of the system or for separation purposes. 

In a further object the present invention provides miniaturised microstructures adapted for use as 
masks for lithography, providing enhanced light opacity associated with the high quality 
reproduction rendered by the high quality fine line structures of the invention. 

In a further object the present invention provides miniaturised microstructures adapted for use as 
steves and capillaries for material separation and transport, providing enhanced fault tolerance 
end stnbthry , 0 hen, solvents n„d the like by virtue of .he properties of the electrode 
funcuonabsms material u<cd for the fine lines nnd arrays and the employ of audio and RF 
fields vu, microclcctrodes to manipulate the dielectric properties of transported material using 
the phenomena of ^electrophoresis and travelling field effects. 

The nature nnd arnmgement of th c various layers of microstructures of ibe invention are now 
described in more detail. 

The second layer of relief forcing mav compri5C nnv ^ „ ^ 

en organic precursor of an inorganic mnterinl suc h a, n sol-gel. An organic material is suitably 
a polymer. The second layer may fonn a continuous surface or overlnycr for the first layer having 
a muumurn nnd a maximum th,ckness ( or may comprise discrete relief feature* rctairsd thereof 
Aec rdmgry the third layer mny be eo-co„tin«ou 5 with the second layer ,„ manner ^ ft ^ 
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isolated from the first layer or (hot both second and third layers arc in contact with and are 
retained on the first iny-cr. 

The second layer may be dispensable, for example may be used as a mould to create the deposited \ 
microfeotures. and (hereafter removed to give deposited roicrofcaturcs projecting from the surface • 
5 of the first layer. 

The fust layer mny also be dispensable, in which ease a self-supporting micro-structure of . 
functionalising material may be obtained which may subsequently be mounted in association with [ 
additional materials or modules as appropriate. 

Reference herein to a first, second and third layer may be to n single or plural such layer, provided 
10 as a single or plurality of the relevant type of material. 

Preferably the iirsc layer of first substrate has a receptive surface capable of retaoiing the 
functionalising material, where the third foyer contacts the first layer. Alternatively the 
continuous ovcrlayer of rclier forming polymer h« s a receptive surface at its minimum thickness 
regions, capable of retaining the functionalising material, where the third layer is isolated from 
15 the first layer. 

Relief features may be of any desired geometry according to the function to be performed, for 
example may comprise a plurality ofconlinuous. stepped or otherwise profiled structures. 

Reference herein to a retaining feature is to a feature formed between at least two relief features, 
defined by the relief features ns its side » alls and defined by the first layer or the minimum ■ 
20 overlay thickness of second layer as its base, in manner adapted to contain the funchonalismg 
material between its side walls, .hereby subslant.ally preventing undesired contact w,th material 
contained within another retaining feature, or with other materials. 

A retaining structure may be in the form of a «cli or channel, i.e. an elongate or otherwise 
structure which may be open-sided along part thereof, for example at its elongate ends, or 
25 otherwise. A well max- be contained between relief features and may Additionally include further 
relief features, i.e. a retaining feature may be continuous about and between a plurality of relief 
features to provide a negative of a traditional array, or may be non-continuous between one or 
more continuous relief features to provide a traditional array. 
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A channel may suitably comprise a straight, curved or angled track which may be branched, 
unbranched or may be continuous for a portion thereof, i.c. comprise « closed circular, elongate 
or other geometnen! loop, or any combination thereof. A plurality of channel, may be arrange 
in parallel, concentric, diverging, interlocking manner or the like or any combination thereof 
5 Preferably the channels comprise a pattern which may be of use to provide a means for sensing 
rccavmg or transmitting a signal in desired manner, more preferably the channels have a form 
selected from a microwave antenna or waveguide. Alternatively a ivcll may suitably comprise any 
ejection, profile or shape, for example a continuous or polygonal shape, of uniform or 
othenv.se depth. Preferably wells may be used to construct sensors, for example bk> or magnetic, 
10 interconnect junctions, intcrchanncl holes and the like. 

It is a particular advantage that channels may be adapted for addressing wells m the form of 
arrays such as, liquid crystal display pixels or magnetic arrays for information storage or 
ferroelectric materials for acoustic imaging or arrays or biological materials and the like at the 
junctions thereof, pairs of electrodes, optionally i„ it fonn for ^sny purpose, magnetising field 
15 source and the like. 

The substantially continuous second and third layer mny present a co-continuous surface, 



whereby the relief provided by the second layer is contained substantially completely therein 
may have a substantially „on continuous surfnee. vhereby the third layer protrudes above 
recedes below the surface of the second Invcr. 



or 
or 



20 



25 



The second layer may comprise a substantially profiled surface, whereby relief features protrude 
to duTcnng heights above the first layer, or may have n substantially uniform surface .hereby 
rehef features protrude substantially u»ifom,ly above d» first W. Similarly where the second 
layer comprises an overlay hoving a minimum thiekness over the surface of the first layer die 
wamm tluckncssmay be umfo^ whereby the base of each channel is substantially uniformly 
spaced from the first substrate, or may comprise a varfad ovcrlayer n^mum thickness, whereby 
the base of any one channel may be spaced by a lc,ser or greater thickness from the first layer 
This may be of particular advantage in the even, that it is desired to provide , surface relief in 
thethtrd layer, vvhemby tl K material prc , mdc$> recedes or is co-continuous with the surface of the 
second Jnycr. 



JUN. 27. 2000 10:36AM OIPC 220 12W 01 



NO. 1527 P. 13/60 

PCT/GB97/03008 - 



9 

The microstructure may comprise an immersion layer, which may be partially or substantially 
completely covering and in contact with the surface or the second mid third layers. An immersion 
overlayer suitably serves to scat the dement, or selected portions thereof. There may be a 
plurality of immersion overlays, covering a plurality of regions or sections of the elements 
surface. This is of particular advantage, for example in micro-electrical application enabling 
embedding of a semi-conductor chip or metallic structure. 

The microstructure may comprise n plurality of microstmctures as hereinbefore defined in 
repeating aligned or inverse co»plannr arrangement. In an aligned arrangement, the first layer of 
first substrate may comprise the immersion overlay of n co*planar adjacent microstructure. 
whereby a selective immersion overlay covering a region of the adjacent microstructure may be 
employed in manner to provide contacting connection between material comprised in the third 
layer of adjacent micros tructu res Contacting connection may be provided directly for protruding 
third layers, or via interconnects, located in intcrplanar holes. But this means interconnects are 
provided in three dimensions, in and between die plane. 

15 Alternatively or additionally a plurality of microstructures in inverse co-planar arrangement may 
be substantially or partially the same and may be so placed that at least some of the retaining 
features of the third layer of respective microstnicturcs are matched such that they can form a 
composite component By this means interconnects arc provided in a sondvviched microstructure* 

Alternatively a plurality of microstructures as hereinbefore defined may be in aligned or inverse 
20 arrangement in non contacting insulating co-planar manner for purpose of compact positioning 
of independent elements within the microstructurc. In these arrangements, the overlay may be 
provided as a dedicated overlay or as the first layer of an adjacent microstructure, and is 
insulating, at least at the direct line between adjacent clecrrically conductive regions, 

Microstnicturcs mny comprise relief features of any desired aspect ratio suitably in the range 
25 depth;wtdth of 200:1, preferably 100:1, more preferably 50;) to 120, for example 25:1 to 1:10. 
High aspect ratios may be advantageous to maximise conductivity as a function of line width, i.e. 
for a given retaining feature, such as track, cross section. In a further advantage it has been found 
that high aspect ratios may also be employed for display screens and the like for reducing 
sideways vision or viewing angle, thereby providing privoey and security to the user. 



5 



10 
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High aspect ratio retaining features mny be constructed using either method as hereinbefore 
defined, and preferably with use of the embossing technology ns hereinbefore defined 
Accordingly functionalising mntcnnl is suitably introduced in manner to substantially fill the 
retaining features, cither in the form of a polymeric material which is subsequently UV cured, or 
5 in the form of a precursor of a functionalising material comprising a catalyst which substantially 
lines the retaining features and which is subject to growth by suitable means such as electroless 
deposition, electroless deposition and optionally subsequently electroplating or by electroplating 
onto an exposed metallic first layer. 

As hereinbefore defined a microstruciurc of the present invention may be capable of use as an 
10 active component in a micro-optic, micro-fluidic, micro-electrical, micro-acoustic, micro* 
magnetic, micro-biological or micro-mechanical device. 

Accordingly it will be apparent that the optional or dispensible first layer may be of any desired 
nature and geometry according to Ihc desired funclion to be performed For example the first 
layer, including an optional support substrate, may perform a support function, optionally as 

15 integral packaging for tte device of the invention, whereby a may be rigid or flexible^ comprise 
additional functional components, for connection to or association >vilh the micnostructure of the 
invention or for the construction thereof, may be of any shape such as flat or curved planar, 
hollow or solid, cylindrical or the like mny be patterned, such as by surface toughening, provision 
of contours or other mechanical, fluidie. acoustic, electric, magnetic, optical or biological 

20 component wherein the relief features) is/are suitably applied to a surface thereof 

The first law where present, may provide an additional feature for Ihc operation of or 
construction of the microstruciurc. 

The first layer may be supported by a suitable support substrate which may be subsequently 
removed from the first law. However, it is preferred that the first layer is self-supporting or is 

25 associated with a support surface of desired geometry for a desired application. Suitably the first 
layer is comprised of any suitable material for ihc intended application which may be known in 
the art for example it may be a polymer dim optionally coated or in the form of a laminate, with 
polymeric or non-polymeric material which may be patterned (in particular a film formed ftom 
polyester, such as PET or PEN, polyolcfm such as polypropylene or PE, hatogenatcd polymers 

30 such as PVC, polyamide such as nylon, aromatic polymers such as polycthersulphones and 
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ketones PES, PEES, PEK f PEEK, heterocyclic aromatic polymers such as polyimide or a known 
biodegradable polymer, e.g. polyfhydroxy butyrnte)whcran the functionalist % material may be 
a Sputtered meln) or metal oxide coating or metal foil such as aluminium prc-trcatcd to render it 
void » free): a material selected for its optical transparency at certain wavelengths for example 
5 ZnSe or Germanium which arc capable or operation in the infra-red region between 2 and 15 
micron; silicon; high temperature resistant inorganic metal oxide or ceramic such as titnnia or 
(fused) silica, e.g. glass; natural or synthetic paper product such as a wood pulp or synthetic card 
or paper, or a metallic electrically conducting material adapted to form on electrical contact and 
direct metal growth by elcctrofonning at the base and/or walls of rctnining features* and suitably 
10 insulated by an additional insulating support layer. 

For certain applications, for example where semiconductor components are mounted onto the 
microstrocturc and from which it is desirable to dissipate heat, the first layer may be coated with 
a layer of diamond or similar material with a hiL;h thermal conductivity, which may optionally be 
patterned or have any form ns licrcinbeforc defined for the support layer h is a particular 
15 advantage that microsliuctures of the invention may be adapted for minimised beat generation by 
optimising conductivity of electrical contacts. 

The receptive surface of the first layer may comprise a micromnchincd surface providing for 
roughening with associated ndhesion, wetting and the like properties for relief forming polymer 
and/or functionalising material or its precursors in the form of resins, pastes, liquids and the like, 
20 or may be coated with a suitable bonding agent, e.g. where the first layer is of glass, a silane 
coupling agent, or an acrylic polymer containing for example acid and/or amide groups which 
serves to more firmly anchor the relief feature nnd/or functionalising material to the first layer. 

Coating of the base and/or walls of the retaining femurcs may be achieved as a continuous layer 
applied to the first lo>-cr prior to forming the second layer thereon, but is advantageously achieved 
25 as a layer about ihe relief feamres which may be created by replication in suitable manner during 
or subsequent to the formation of the relief features. 

The selection of the relief forming material will be dependent on the intended use of the 
microstructure and includes polymers or composites sueh as silica filled, light curable resins such 
as those used in dentistry nnd those for rapid prototyping by sicrcolithography, UV curable liquid 
30 crystal resins, photocationie cpo\y resins and those optically iransmissive resins as described 
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below, photoresists including photoimagcablc polysmides, thcrmoscts, 2 port resins, 
thermoplastics, ond (partially) inorganic materials such as sol-gel processabte materials 
photoimageable glasses and ceramic precursors. 

Polymers are preferred whoso processing characteristics and properties can be altered by the 
5 extent of cure or can be multilaycrcd such that each layer is tailored lo the function required at the 
interfaces provided. For example, the lowest layer or a plural second loyer might be tailored to 
provide adhesion to the first layer or is swollen or partially swollen by solution containing a 
growth medium to promote access of the growth medium to the target medium. Alternatively a 
lower mechanical modulus material might be selected at the interface to b low expansion 
10 coefficient material or embedded component to promote stress relief Alternatively the upper 
layer may be selected to provide specific surface chemical properties for the production or use of 
the microstruciurc r such as hydrophobic properties comprised in the surface layer obout the relief 
features nnd/or hydrophilic properties in the relief features to aid in wetting by precursors of 
functjonalising materials as hereinbefore defined; or such as inertness to biological interactions 
15 or specific binding groups for attachment or biological rengenis. 

Surface modification of the surface relief of the second layer Tor example introduction of reactive 
groups such as -OH, -COOH. *SH OR -NH2 can be generated by means of low temperature 
plasma processes, wet chemical treatment or grafting from the liquid or vapour phase or by 
inclusion of the groupings as pendant groups attached to the reactive monomers or polymers used 
20 to form the relief. Suitable plasma processes arc described by H V Bocnig in "Fundamentals of 
Plasma Chemistry and Technology"- Tcclinology Publishing Co., Inc.. Lancaster, Pennsylvania, 
1988 and "Advances in Low Temperature Plasma Chemistry, Technology, Applications", same 
author, year and publisher. 

Thermoplastic polymers suitable as second layer polymers for thermal embossing and 
25 micromoulding include polypropylene, polystxrcnc, polycthcr sulphone, poly (ether ether) ketone 
(PEEK), poly(ethcr) ketone (PEK) and fluorinnlcd polymers particularly amorphous polymer 
based on teu-a fluoroclhylcnc, hcxartuoroprcpylcnc and 2,2 bistrifluoromcthyl-4,5-difluoro-i f 3- 
dioxolo sold under the trade names Teflon PIPE, PFA, FEP ond AF. 

A wide range of thennoset may be used to fonn the surface relief. Typically a coating of the resin 
30 would be applied to the first layer and partially thermally cured to achieve a rhcology or "green 
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state* suitable for embossing. After embossing further hunting completes the cure cither with the 
relief in contact with the mould or if the relief is sufficiently stable deformation in the absence of 
the mould. Conditions of cure can be usefully manipulated to be non uniform such that the upper 
parts are more completely cured than the lowest. Incomplete cure aids swelling and access to the 
5 target material. 

Preferred thermoset resins include addition polymerisation resins such ns acrylics, vinyls, 
bismaleimides and unsaturated polyesters; condensntion polymerisation resins such as 
formaldehyde condensates reacted with urea, mdaminc or phenols, cyanate and isocyunate resins, 
functionalised polyesters, polynmides or polyimidcs, cpoxy resins and mixtures of two or more 
10 of these. Epovy resins are suitably ihc product of at least partly curing a resin precursor using a 
curing agent and possibly a catalyst. The resin precursor is lypicnily the mono or poly-glycidyl 
derivative of: aromatic diamines, aromatic monoprimary amines, aminophenols, polyhydric 
phenols, polyhydric alcohols and polycarboxylic acids. Resins which are liquid at ambient 
temperatures arc preferred as sold by for example Cibn Gcigy. 

15 When optically trcmsmissivc, ihc relief forming polymer may be selected from those known in the 
art including those developed ns light curable adhesives for joining optical components for 
example those sold under the name LUXTRAK (tradename), those developed for polymer optical 
fibre fabrication and those developed for optical recording using polymer photoresists. In 
particular the optically transmissivc relief forming polymer may be formed from a suitable resin 

20 for example halogenalcd nnd dculcraicd siloxnnes, styrcnes, imides, acrylalcs and mcthncrylates 
Such as cthyicncglycoi dimcthncrylatc. tctrafluoropropylmcthacxylate, 
pcntafluorophenylmcthacrylnlc, tclrachlorocthyJncryialc, multifunctional derivatives of Uwine 
and phosphnzene. 

In order to facilitate the curing of the resin it is preferred to use an initiator, for example a thermal 
25 and/or pbotoiniliator. Typically, when used* an initiator is present in the resin at a concentration 
from 0.1 to 3.0 % by weight, and preferably from 0.5 to 2.0 % by weight. Suitable photoiiutiators 
include 2-rncthy)-] -[4-(methylthio)phcn)l)-2-morpholino propanone* 1 (Irgacure 907), 
1-hydroxyO'clohcxyI-phcu} 1 ketone (lrgacurcJ84), isopropylthioxanihone (Quantacurt ITX). 
Camphorquinonc/ dimediylnminocthylmcihacrylate and suitable pbotocationic initiators. 
30 Similarly a suitable thermal initiator is tcrt-burylpcroxy-2-ctbyI htxononlc (Jntcrox TBPEH). 
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Suitable photo-cniionicolly curable epoxy resins include those sold under the trade name 
Cyracure, for example, 3, 4 cpovycyclohcxyImediyl-3, 4-epoxycyclohexanc carboxylate and bis* 
(3, 4-cpoxycyclohexyl) adipatc. Suitable photoinitiators also sold under the trade name Cyracure 
include mixed triarylsulphonium hcxafluoroantunonatc salts and mixed triaryl sulphonium 
5 hexafluorophospbate salts. 

The second layer polymer composition may eontain additives such as toughening agents and 
fillers such as titanium dioxide, talc, boron nitride mica, pigments and stabilisers such as 
phosphates. 

The third layer may comprise any UV eumblc, polymeric materia! or non UV curable non 
10 polymeric targeted growth material, as hereinbefore denned. In a particularly preferred 
embodiment die invention provides a means of depositing a third layer comprising a material 
which is substantially incapable of being fanned or moulded into a desired form whereby it may 
be retained within a channel as hereinbefore defined, and of being subsequently treated to render 
the material in solid form. It will be appreciated that different means must be employed to provide 
IS such third layer materia) than knoun for fonmble. UV curable materials, for example as disclosed 
in co-pending International Potent Application No. PCT/GB9G/01096. Specifically the invention 
provides for deposition of targeted growth materials which may be targeted and grown in situ. 

Preferably the funciionalising material of the third ln}"cr of the mierostructare of the invention 
comprises a material which is introduced into the retaining features in a first form and is subject 
20 to a treatment to render it in the form of a solid la>cr. More preferably the material is the reaction 
product of a first target precursor and a second growth precursor, which serves as a source of 
matter for the development or growth of a layer of material nt a site supporting the target material. 



i 



The functionalising material or a precursor thereof may be deposited either directly on the base 
25 and/or walls of the retaining fcnturc(s), or indirectly by deposition as a Inyer on the surface of the 
first layer and subsequently forming relief features selectively on the surface of the layer of 
functionalising matcrinl, with regions therebetween comprising the base of the retaining feature(s) 
remaining exposed or adapted lo be exposed in suitable manner whereby the functionalising 
material or its precursor is exposed or adapted to be exposed. In a particular advantage of the 
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invention, relief forming features may be formed on the surface of the first layer by use of 
advancing line of conlact UV embossing as hereinbefore referred, whereby a minimum or zero 
overlay of relief forming material is formed between the features. In this case the overlay may be 
conveniently removed, if present, by ctcliing or other known means to expose the functtonalisbg 
5 material Preferably precursor or functionalising material comprising catalyst deposited as a layer 
in this manner is partially exposed at lite central portion only of the base of retaining features) 
to whereby an electrical contact may be made with the layer of catalyst, in order for growth 
thereof within the retaining fcaturc(s), but without weakening the bond between the relief 
feaiure(s) and the first layer. 

10 Precursor of functionalising material comprising target malcrial is preferably a fluid liquid or 
paste whieh may be contacted with and retained on the base and/or avails of a retaining feature 
as hereinbefore defined, in suitable manner optionally as an integral stage in die production of the 
microstructurc. Preferably p growth material is a fluid gaseous or liquid material with which at 
least die portion of the microstrucuirc as hereinbefore defined comprising the base and/or walls 

15 of a retaining feature contacted with target medium ma}* be contacted in manner to provide 
catalytic reaction for the deposition of the material of the third layer 

The target and gto\vth media may be selected from any suitable materials known in the chemical, 
bio-chemical and biological nit. Preferably (he target materia) comprises a catalyst, cell culture 
or the like for which the growth medium comprises a fluid adapted for analytic reaction with 
20 deposition in association with the catalyst, for example comprises a solution of metal salts, 
biological replicating media and the like. More preferably the target medium comprises any 
catalyst known in the art of clcctrolcss deposition of a (semi) conducting material, and the growth 
medium comprises, in combination or sequence, one or more solutions of mctallio salts taown 
for elcctrolcss deposition or cicctroforming (for thicker coating), 

25 For example, electrochemical catalysis and growth media arc disclosed in "Modem 
Electroplatiug", Ed. F A Lowcnhcim. third edition, Wylcy, New York. 1973, Pp 637-671, "The 
kinetics of PdC!2/SnCI2 Activating Solution for clectrolcss plating" Wang & Wan, Plating and 
Surface Finishing 69 (8) 59 ( 1982) the contents of which are incorporated herein by reference. 
Sn~Pd colloidal catalyst* arc available commercially (The Shipley Co). 

30 Catalysts are preferably selected having molecular magnitudes of substantially less than the 
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aperture f retaining features. Alternatively bulky catalysts such as colloidal catalysts may be 
formed in situ, for example o first component is provided on llic base find/or walls of retaining 
features and contacted with a second component. This hns the particular advantage of improving 
wetting. 

5 Light activated catalysts are known and may be employed with direct illumination of a desired 
wetted region, for example using the retaining features for deposition of catalyst or for providing 
a boundary between catalyst deposited universally across the surface of the second (oyer, with 
growth of functionalising material restricted to the illuminated retaining feature regions. 

Catalyst is preferably detectable in manner that catalyst may be selectively removed from regions 
10 in which growth is not desired, or growth initiation may be directed to regions in which catalyst 
has been selectively or otherwise deposited. This provides advantageously for inhibition of 
xindesired lateral growth. Preferably catalyst is coloured with use of suitable dyes imd the like. 

The magneto or electrically acthx component of fiutctionalising material is suitably selected from 
the group consisting of metals from Croups Va, Via, Vila, VIII, lb, lib, IHb. JVb, Vb, Vlb, and 

15 the aetinides of the Periodic Table of the Elements, for example, V, Cr, Mo, W, Mn, Re, Fe, Co, 
Rh, Ni, Pd, Pt, Cu, Ag, An, Zn. Cd, AI, C. Si, Sn, Pb, Sb f P, Tc, Th, and alloys thereof Metals 
may be selected according to the intended use, for example magnetic metals (Fc-bascd), opaque 
metals for mask construction, or conducting metals, eg. a soldcmblc alloy (e.g. Cu or Ni), indium 
tin oxide (ITO) or gold, optionally as a flash or coating of a copper or nickel layer, so that an 

20 electrical contact can be made (o a semiconductor component located on the surface of the 
microstructure. 

Alternatively the funcliunalismg material of the third layer comprises any known UV curable 
magneto or electrically active polymer, for example selected from but not limited toproccssable 
forms of polynnilinc, polyvinyicnc, polythiophcnc, polypyrrolc, polyphcrrylcac, 
25 polyphcnylcncvinylene and precursors, analogues or copolymers thereof. 

A plural third layer mny be advantageously employed, being of similar or dilTcrcnt materials, For 
example metals or polymers may be contcd or rendered in different forms, to aid with corrosion 
resistance, oxidation stability, surface bonding, conductivity enhancement, thermal expansion 
compatibility, for selection of inherent processing conditions to enable property control, such as 
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stress management and the like. 



Known techiques for prev enting void formation, for example using ultrasound, may be employed 
with use of polymeric or non-polymeric metals. 

An overlay of relief forming polymer may be formed w the first layer using ihe advancing line 
5 of contact UV embossing technology as hereinbefore defined Hie overlay may be reproducibly 
controlled to obtain a thickness appropriate to (he function of ihe rnicrostructure and may, even 
in those instances where a minimum overlay is desired, usefully serve to planarise the receptive 
surface. In some instances, e.g. in micro-mechanical devices, a relatively thick and uniform 
overlny may be desirable for example to secure the relief forming polymer firmly to the first layer. 

10 In other instances, it is desirable to minimise the thickness of the overlay such that it does not 
interfere significantly with the functioning of the microstmcturc, i.c the overlay is functionally 
insignificant. Preferably, the functionally insignificant overlay has a maximum thickness of less 
than 1.5 *im, preferably less than 1 urn. and particularly less than 0.5 ujn over \}it surface of the 
first substrate* The overage thickness of the functionally insignificant overlay is preferably less 

IS than 1 jum and particularly less than 0.5 fun This has the particular advantage of minimising 
wnvefront error, electrical conductivity, resistance or contacting, thermal expansion or thermal 
conductivity, magnetic field influence and the like. It may also be desirable to coat the first layer 
with target medium as hereinbefore defined, and subsequent!)' form the second layer, whereby the 
target and growth media must be capable of reaction or multiplication despite any intermediate 

20 over lay resulting from the second layer formulation. 

A microstnicture of the invention may comprise an immersion layer as hereinbefore defined, in 
particular where it is desired to create three dimensional micros tinctures. Such layer may serve 
for any desired purpose, for example thermal or moisture insulation, contact insulation or 
connection for the purpose of separating or contacting the third layer material from or with an 
25 activating source, such as an electrical supply or contact, and the like. The immersion layer may 
be transparent, opaque or reflective, according to the desired requirements. Suitably therefore the 
immersion layer eompriscs an)* material as hereinbefore defined for the first substrate or relief 
forming polymer 



30 



The immersion layer may also be supported at its upper face by a suitable, optionally releasable, 
substrate. The immersion layer may be superimposed on the at least one feature by any suitable 
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means, e.g. lamination. 



In a further aspect of the invention there is provided a method for the production of on 
mierostructure as hereinbefore defined. Preferably ihc method of the invention comprises 
providing (optional or dispensable) first and (optionally dispensable) second layers of a 
microstructurc as hereinbefore defined comprising retaining features and providing third layer 
comprising functionalising material as hereinbefore defined, wherein the fiinctionalising materia! 
or its precursor is deposited in manner co substantially fill or line the base and/or walls of 
retaining features, prior to or substantially simultaneously with or subsequent to the formation 
of the relief features. 

More preferably the method comprises forming relief features and depositing functionalising 
material or its precursor in in-line manner, optionally substantially simultaneously. It is a 
particular advantage of the present invention that the formation of the third layer selectively 
within the retaining fcatnrc(s) enables accurate positioning of the third layer. 

In a first embodiment, a method as hereinbefore defined comprises the stages 



providing a first, optionally dispensibltj. layer as hereinbefore defined; 

contacting the surface or part thereof with a precursor of targeted growth 
fiinctionalising material comprising target medium as hereinbefore defined; 
providing a second laj-er of a relief forming polymer over the receptive surface, 
providing a plurality or relief features formed in the second layer of relief forming 
polymer to provide at least one retaining feature as hereinbefore defined with an overlay 
of relief forming po))*mcr in ihc base of ihc retaining feature; and 
contacting with a growth medium as hereinbefore defined in manner to provide a third 
layer of at least one substantially non UV curable, non polymeric fiinctionalising 
material contained within and substantially or partially filling or lining the at least one 
retaining feature, as hereinbefore defined; 
wherein the overlay is substantially zero to allow eontact of target and growth medium, 



a) 
b) 

c) 
d) 



e) 



It wjJl be appreciated thai the marking for the third layer is provided by selective masking of the 
target medium, by relief features formed thereupon. Removal of non-zero overlay is preferably 
be means of etehing. Stage d) is preferably by establishing an electrical contact with the layer of 
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target material and contacting target mntcrial exposed within the retaining features with growth 
material. The method may be of advantage for its simplicity, for use with materials and 
substrates which arc capable of acceptable retention with the interposition of a target medium as 
hereinbefore defined. It is of advantage that a plural third layer may be provided by appropriate 
5 repeat of stage d). 

In a second embodiment, the method of the invention comprises the stages of 
a), c), and d) as hereinbefore defined; 

bl) contacting the base and/or walls or Hie at least one retaining feature with a 
functionalising material or precursor thereof as hereinbefore defined by means of 
selective or non selective deposition; end 
10 el) contacting with a growth medium as hereinbefore defined in c) above or curing with a 
source of UV to provide third layer as hereinbefore defined. 

It is a particular advantage that the method of the second embodiment enables selective marking 
for a third layer, in particular with the use of materials which cjiablc acceptable wetting of the 
relief forming polymer with target medium, by means of contact printing from an embossing tool 
15 using the advancing line of contact technology as hereinbefore referred. 

Alternatively the method enables selective marking by contacting the surface of the second layer 
willi a target medium as hereinbefore defined for total or regional wetting thereof nnd displacing 
target medium from high profile regions of the relief features by suitable. 

Wetting of the base of the retaining features in the second layer may be improved by rendering 
20 the surface roughened by means of micromnchining, chemical surface modification or the like, 
whilst smoothing of the surface of the second layer may provide for more easy removal of target 
medium. 

Alternatively a sacrificial layer of removable material may be provided at the surface of the 
second layer, such as water, grease or oil based mntcrial , prior to printing of target material, such 
25 that removal of lite sacrificial layer by wiping achieves the desired removal of target medium. 

Displacement of target medium is suitably achieved by means of wiping the surface of the second 
layer with absorbent material, optionally with absorbent material having a displacing medium 
absorbed thereon. Preferably wiping is by means ofn damp tissue or impregnated tissue. 
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This method is of particular advantage Tor use with materials which arc not capable or providing • 
suitable wetting simultaneously with the formation of the relief features, or wherein it is required 
that immersion is for n prolonged period in order to improve absorbtion of target media. 

Most preferably in a third embodiment the third layer as hereinbefore defined is provided by the J 
5 following steps: 

Bl) forming a line of contact between the second layer and at least one mould feature 
formed in n flexible dispensing layer; 

B2) applying sufficient of a functfonalising material or its precursor to substantially or 
partially fill or line the nt least one mould feature, along the line of contact; 
10 B3) progressively contacting the receptive surface with the flexible dispensing layer such \ 
that the line of contact moves across the receptive surface and sufficient of the 
functionalising material or its precursor is captured by the mould feature so as to 
substantially or partially fill or line the mould feature; and optionally, thereafter 

B4) releasing the flexible dispensing layer from the at least one relief feature. 

15 A plural third layer may be provided in suitable manner for example by repeat of the method 

The pressure is applied along the line of contact by any suitable means. Suitably, the pressure ! 
is applied using an advancing bar or flexible blade under a compressive load which mny be drawn 
along the surface, or using a roller under a compressive load which may thus on advancement or 
rotation retain the resin in the nip formed by the bar, blade or roller between the flexible 
20 dispensing layer and the surface. It is therefore preferred that the resin is cured at the nip as the 
line of contact progresses across the surface. 

The flexible dispensing layer is preferably a polymer Him into which the mould features have \ 
been embossed. Such an embossed film is preferably transparent to UV light, has high quality 
surface release properties and is capable of remaining dimensionally sound during the moulding 
25 process. Conveniently, such an embossed film may be formed by (a) forming n master pattern 
having a contoured metallised surface which conforms to the required relief structure, (b) 
clcctroforming a layer of a first metal onto the metallised surface to form a metnl master, (c) 
releasing the metal master from the master pattern, (d) repeating the electrofomiing process to 
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form a metal embossing master shim nnd (c) embossing the relief structure into a polymer film 
so as to form the desired mould features. 

Additionally, the embossed film, if retained on Ihc receptive lov er, may serve as a protective layer 
which can be removed at n later time, 

5 A further advantage of making the microstruclure by the above method is that the flexible 
dispensing layer may be treated with any suitable mnlcrin) to provide a third layer adapted for any 
desired purpose. In addition, selective treatment with additional materials may be achieved, for 
example a masking or screening medium, a priming medium, or a medium conferring any desired 
optical, electrical, mechanical, biological, magnetic or fluid properties or the like which may be 
10 transferred by contact reproduction to the first layer or the ovcrlaycr as desired, for example to 
selected regions thereof on or about the relief fenmrcs, using a modification of known techniques 
for example as described in Appl. Phys. Lcit 68(7), 1022-23 

A further advantage of the above method is that the same flexible dispensing layer may be used 
for embossing and deposition of functionalising material. 

1 5 Choice of method for deposition of functionnlising material may be made according to the nature 
thereof For example with use of high aspect ratios, the use of clcctrolcss or electroplating may 
be preferred. 

The surface relief may be produced by a direct writing method for example using a fine nozzle 
to dispense photocurable resin (nozzle sizes of the order of 100 micron (internal diameter) eon 
20 be used or ink jet printing heads or pen plotters). The pattern can be written using an x-y 
translation driver and can be computer controlled via a design drawing programme such as 
AutoCad. The resin can be cured via a point of contact as previously described. The target 
medium can be similarly written in the areas of the relief as required. This medtod is useful for 
rapid prototyping of structures. 

25 Alternatively the first and second layers may be provided by any means as known in the art, for 
example as hereinbefore referred. Preferably the first nnd second layer are provided by the 
process of co-pending PCT/GB96/01096, the contents of which arc herein incorporated by 
reference. For this purpose a mould may be used, prepared by the known techniques of the above 
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International patent applications. 



The present invention is illustrated in non-limiting manner by reference to the following figures. 

Figures 1 and 2 show inicrastructurcs of the invention in cross section, elevation and plan view, 
in various embodiments. 

5 Figures 3-5 show in figurative manner, the apparatus and method for the manufacture of a 
microstructure of the invention. 



In Figure 1 a) is shown an embodiment of a microstruelurc of the invention comprising optional 
support layer (not shown), first layer ( 1 6), second layer ( 1 7) having relief features (18) thereon 
forming channels (19) therebetween. The channels comprise a third layer of material (20) as 
hereinbefore defined generated from n target precursor (21) and optional immersion overlayer 
(22). Layer (20) may be continuous across the base thereof or otherwise, for example a sensor 
may comprise two lines of electrically active material nlong the length thereof, and the channels 
may be filled with biomatcrial to be sensed, whereby contact between lines is made via 
biomatcrial, enabling a measurement lo be derived. 



Further embodiments arc show in Figures I b>l) in which reference numerals arc the same, to 
Figure lb is illustrated a microstructurc comprising n plural loycr of second material (24) and 
third materia! (23), which are ideally suited tailoring properties such as solvent swellabilily (to 
encourage access of target precursor to channels), or thermal stress relieving purpose, or for 
different micro properties* such as with n plural third layer obtained by sequential or multiple 
dipping in Cu, Ni, Au and the like for improved properties of adhesion, corrosion resistance and 
the like of highly conducting materials such as Cu. Jn Figure 1 d) and c) are shown products of 
Figure 3 having zero or positive overlay (27.2ft). In Figure 11) is shown product of Figures 4 or 
5 having target material primed onto base of channels and functionalising material grown 
thercoa. In Figures 1 i) and j) are shown a symmetrica! device which is able to resist deformation 
by difference in thermal expansion or the component f ayers and an arrangement wherein the first 
layer is insulated by heat or moisture insulating layer from a further outer layer, in manner 
adapted for use in packaging of a microsystem without need for dedicated support means within 
the packaging. The devices may have any desired aspect ratio or profile as indicated in Figjires 
I f) and g) which may be partially or completely filled with a single or plural third layer, 
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optionally with surface roughening or profiling of the channel base, nnd with zero or positive 
overlay (27,28). Figure 1 i) may comprise an acoustic, electrical or optical device according to 
the invention, comprising a semi-conductor or an acoustic or optical wave guide (25) provided 

i 

as a further component between two co-planar microsmicturcs of the invention. Switching is ; 

i 

5 enabled for example by henting of a waveguide by means of metal tracks provided for the purpose 
of charge conduction. An acoustic device may comprise as third layer, Pb, Zr, La or Tontalatc 
as polymer composite in the form of a microparticulale dispersion. 

In Figure 1 h) and 0 microstructures arc suitably gJucd with anisotropic conducting or with non- 
conducting adhesive (26). j 

10 In Figure ] k) is shown an embodiment for micropositioning of microstructures. Embodiments j 
may be of use in a liquid crystal display or in bio-assay using electrical means in the form of an 
army of microrcaclion chambers superimposed upon a microcircuitry array. 

In Figure Iro) is shown an embodiment according to Figure 1c), in which etching of positive 
overlay (28) enables contact to be established with exposed functionalising material in the base 
15 of the retaining feature. , 

i 

In Figure In) is shown the microslructurc having high aspect ratio as hereinbefore defined, with 
zero or positive overlay (27,28) typically of ratio in excess of I T for enhanced conductivity, or for 
reducing unauthorised, indirect line viewing, but with tow density fine line coverage and/or high 
optical transmission in electrical, and/or displays applications. The structure is suitably nwde 
20 by means of lining the walls and base of channels with catalyst, and depositing functionalising \ 
material by clectrolcss deposition or electroplating, depositing functionalising material 
substantially filling the channels. 

In Figure lp and q) arc shown microsiructiucs for connection to microchips by flip chip bonding ; 
with solder or conducting adhesive connects or with rough edge connects using non conducting 
25 adhesive. A microstructurc 1 p) may be a flexible inlerposcr to fan out chip pins to the standard 
pitch used in conventional flexible circuit boards, for example as chip scale packaging. Bonding 
may be by soldering using lead-tin or preferably gold-tin alloy solder, by cold curing or other 
techniques. 
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In Figure lr) is shown athrce dimensional structure having a first plane of co pnrnllel channels, 
perpendicular aligned with one or more channels in a second plane, which may be contained in ' 
a conducting or non conducting second layer or ovcrlaycr. 

to Figure 2a) is shown in plan view the scheme for on electrically conductive track comprising a 
5 low surface density structure of electrically conductive materia) deposited in manner to provide j 
high conductivity. The structure comprises a plurality of parallel clongote channel* (31) suitably 
of 20 micron width and with spacing of 40 micron, thereby a structure with 5 elongate channels 

i 

has a cumulative width of 260 micron. The structure comprises additionally at spacing* of 5 nun | 
in the elongate direction a scries of interconnects {32) linking all elongate channels. Hie ; 
10 interconnects serve to provide fault tolerance in the event of fault or breakage of any of the fine 
line channels between any two interconnects, whereby the remainder of the length of any faulty 
fine line channel continues to function effectively by virtue of the copornllc), intact channels, and ! 
the fault is localised. 

The scheme may usefully be used requiring low density track coverage as hereinbefore defined 
15 in the description but in manner to achieve n desired level of conductivity. Moreover the scheme 
may be used in a flexible microslruclurc to particular advantage for any of the hereinbefore 
defined uses. 

In Figure 2b) is shown a scheme adapted for use for a microstructure employed os a sensor or ; 
actuator in microfliudic, microopticah microbiological and the like application. Two elongate j 

20 tracks of electrically conductive material (55) arc parallel aligned about a central channel (34) j 

i 

adapted to transport material to be sensed or actuated. Lateral interconnects (35) link each j 

elongate track (33) to channel (34) to provide electrical sensing or actuating in the form of a : 

i 

response wave transported electrically down the length of the elongate tracks (33). 

In Figure 2c) is shown a scheme in elevation adapted for use as a microstructure comprising a 
25 three dimensional structure having a pJuralicy of planes of layers as hereinbefore 

defined. For illustrative purposes adjacent planes comprise a channel of functionalising ; 
material (36x) in a first plane and a parallel or perpendicular aligned channel of ' 
ftinctionalising material (3Gv) in a second plane, the structure comprising intervening 
layer (37) in the form of a first support layer associated with channel (36x) or an 
30 insulating ovcilnyer associated with channel (3Gy). The microstructure comprises an 
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addiiional interconnecting "via" (38) of functionalising material in contact iwitfa 
channels (36x,y) in layer (37) located to function as on interconnect between adjacent 
layers* The via i$ suitably of greater cross sectional area than die channels (36x,y) to 
facilitate alignment and ensure 100% interconnection is achieved. Functionalising 
5 material in channels (36x,y) and via (38) rony be the same or different and is suitably j 

the same. The structure is suitably prepared by sequential lamination of layers and 
solder or conducting adhesive bonding therebetween. Vina may be prepared by drilling, 
etching or by moulding of laminates comprising through holes or vi as which may be i 
subsequently in-filled with functionalising material. A laminate comprising a via may j 
10 be a relief forming layer prepared using the UV embossing technology of the above j 

referred International applications and subsequently released from the support layer. j 

i 
i 

The scheme of Figure 2c) is shown in plan view in Figure 2d) in which reference numerals have 
the same meaning as described for Figure 2c). 

In Figure 2c) is shown a multitrack structure comprising of channels (36x,y)„ where all junctions 

15 (39) may be addressed by multiplexing. Material between electrodes may be influenced j 

by the field (liquid crystal) or can change the field by altering the gap (for example in j 

a touch sensitive screen). j 

In Figure 20 is shown a scheme for an array of functionalising material structures, for use as an ; 
array of metal sensors comprising wells (40) each having electrical contacts (4 K 4 U) 
20 in the base thereof, which act as electrodes to detect a response to a material introduced 

into w ells (40). The array is shown comprised in second layer (42) which may comprise 
an additional functionalising material, for example a magnetically active material, J 

adapted to transmit a response in desired manner. j 

i 
i 

In Figure 2 g) is shown a scheme for a structure comprising a plurality of parallel aligned j 
25 channels comprising catalyst adapted for deposition of functionalising material by 

electroplating. Suitable the structure is of the form as shown in Figures Id), le and m) 
or I IX and a conducting paste or dng (43) is applied at the ends of channels (36). The 
paste (40) enables current to be passed through nil channels (3(5) which function as an 
electrode for deposition of a metal such as copper from an electroplating solution. The 
30 electroplating process is described in Example 16. 
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In Figure 2h) is shown a scheme Tor an nrray comprising a continuous retaining feature (44) 
having non continuous relief features (45) therein. The structure mny be used for 
example with dispensable second layer, whereby nn army of holes is crested, for 
application as a physical, magnetic or biological sieve. 

5 In Figure 21) is shown n scheme for n capillary channel structure for microfluidic or like 
application, in which capillaries (46) may be interconnected with capillaries (47) in 
adjacent planes. 

In Figure 3 is illustrated die first embodiment of the method as hereinbefore defined. The stage 
c) is shown, in the form of the method for provision of the second layer ns hereinbefore defined, 

10 by means of an advancing line of contact. In the figure, a support layer (I) is illustrated, having 
ihercon first substrate layer (2) and coating of target medium (3). A bead of resin (4) is advanced 
ahead of the line of contact formed by downwardly dirccicd roller load from roller (5) and flexible 
dispensing layer (6) causing contact of flexible dispensing layer (6) with coated substrate (2). 
The flexible dispensing layer (fi) is transparent to UV light, whereby curing of the resin takes 

15 place behind the advancing line of contact On removal of the flexible dispensing layer (S), which 
may be readily peeled away, the first and second layers of the niicrostrocture of the invention are 
provided, with marking in the base of channels (7) for the provision of the third layer in suitable 
manner. 

In Figure 4 is shoAvn the method of the sceond embodiment, which is conveniently operated with 
20 a flexible first layer and optional support layer on a red to reel basis. In this case the first layer 
having a coating of relief forming polymer resin (8) is passed between two opposing rollers, a 
first roller (9) having an embossed "shim" surfnee which rotates to contaet a means (10) for 
drawing target medium up to contaei the high profile surface of ihc roller embossing. A second 
roller (II) contacts roller (9) in manner that the first coated layer (8) passes therebetween with 
25 suitable application of pressure to cause embossing of the uncurcd resin. In the process of 
embossing, (he target medium is transferred by contact printing to the base of channels formed 
in the relief forming polymer. The first layer is transparent to UV light, whereby curing is 
initiated prior to the detachment of the first layer (8) from roller (9). The apparatus comprises 
thereafter the rewinding of the product comprising first and second layers, and marking for a third 
30 layer as hereinbefore defined. 
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An alternative Aim path around the greater arc of roller (9) enables previously embossed film to 
be contacted with catalyst on roller (10) in manner to fill relief features, and is wiped between 
rollers (9) and (1 1) F rotating at different speeds lo remove catalyst from the surface of embossed 
features. This enables maximising catalyst coming in base and walls of channels with minimum 
5 undesired deposition. This method may be carried out with catalyst comprising a coating 
formulation of conductive particles in a binder. 

The apparatus of Figure 4 is used to selectively apply other materials such as processing 
materials, e.g. sacrificial layers, materials importing different chemical functionality* e.g. 
hydrophilicity/phobicity, differential welting, and differential stick and release characteristics in 
10 any of the methods as hereinbefore described and illustrated. 

Other film paths may be envisaged using the npparatus of Figure 4 in manner to achieve any 
desired sequence or combination of embossing techniques or materials. 

In Figure 5 is illustrated an alternative scheme for the method of the second embodiment of the 
invention wherein the first layer having second layer comprising relief features as hereinbefore 

15 defined pnd at least one channel as hereinbefore defined is passed into a solution of catalyst in 
container (J2) and thence to a double roller reeling cut from two supply rollers each of two rolls 
of paper in manner to contact the embossed First layer nt the highest relief profile regions thereof, 
essentially the protruding surface thereof, and to contact the reverse of the first layer in manner 
to remove target media selectively from these regions. The continuous first layer is thence 

20 transferred to a further double roller ( 1 4) for optional protection by means of scaling the interface 
of first and second layers, prior to immersion within a second receptacle (15) comprising a growth 
medium as hereinbefore defined and subsequently washed. The final product comprising a 
microstruciurc as hereinbefore defined with first, second and third laj^rs may be wound onto a 
reel for subsequent use or cut into sections as desired. 

25 The invention is illustrated in non-limiting manner with reference to the following examples. 

Example 1 - Preparation ofTarget Precursor of Third Lnver Material 

3 Solutions were prepared for elcctrolcss deposition of copper from respective "Circuposit" and 
Elcctrolcss copper precursors, (cx-Shiplcy) as follows; 
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Solution P 'Circuposit (CP PD 'Pre-dip' 3340 solution) 

CP PD 3340 was dissolved in dc-ioniscd water, 84 mis initially, then made up to 100ml solution j 

once 27g of CP PD 3340 had been solubiliscd in the water. \ 

The solution is strongly acidic or pH approximately 1 . 

5 Solution Q *Circupo$it Catalyst (CP cat) 3344 solution/suspension j 

27 g of CP PD 3340 was dissolved in 24mls of dc-ionisod water, then 3.0mls of CP CAT 3344 j 

added in a polyethylene beaker. The solution is strongly acidic of pH approximately 1 . j 

i 
i 

Solution R 'Elcctroless Copper (CPELCu) , 3350 solution 

i 

Dc-ionised water 36.9mls from a 10ml graduated pipette, CPELCu 3350M C.Omls from a 5ml « 
10 pipette, CPELCu 3350A 2. imls from n 2.0 ml pipette, and CPELCu 3350B 5.0 mis from a 5mJ j 

pipetrc were combined in a 1 OOrol wide necked polyethylene bottle with magnetic stirring. j 

i 
i 

Example 2 - Preparation of First Substrate precursor of First Lnver Material j 

The following substrate precursor were obtained in the form of cMrudable powder or granule and ; 
prepared as first substrate A4 shcel having thickness ns indicated. 

i 

100 polyester 'Mclinex S505* (ICI PLC) j 

i 

100 Polyethylene naphthcnaic 'Knlcdcx PEN' (ICI PLC) j 

100 Polycthersulphonc 'Stabar PES' j 

i 

lOOPolyimidc'Upilcx' 
2mm Sodaghss 



20 Exnrnple 3 - Preparation of Relief Forming Polymer Precursor of Second Lnver Material 

The following formulations A-H were used to prepare relief forming polymer precursor by 
c mbining the following components. 



15 2.1 
2.2 
2.3 
2.4 
2.5 



I 

i 
i 
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UV Croaslinkablc acrylatc resins 
FORMULATION A 

Photocntr 62l7 t Aliphatic urclhanc ocrylate (Akcros Chemicals Ltd.) 50 pan* 
Hcxane dial diacrylatc (UCB Chcmicnls) 50 parts 
5 Photoimtiators 

Irgacure 651 (Cib^ Additives) 15 parts 
Irgacure 184 ( vi ) 2.5 parts 

Darcurcll73( w ) 2.5 parts 

Thermal cure initiator 
10 Ethyl propyl oxy hcxnnoatc I part 

PI 15 Copolywcrisnblc tertian' amine (UCB Ltd) 1 part 

FORMULATION B (modification or Formulation A) 

Phoiomcr 6217, (Akcros Chemicals Ltd.) RO parts 
Hexnnc diol diacrylatc (UCB Chemicals) 20 parts 
15 Photoinitiators 

Irgacure 651 (Ciba Additives) 1.5 parts 
Irgacure 184 ( * ) 1.5 parts 

Darcur 1173 ( *' ) 1.5 parts 

A174 adhesion Promoter (Union Carbide) I part 
20 Mclhacrylic acid 1 part 

Isoboniyl acrylntc 5 parts wen; included 

FORMULATION C (modification of Formulations A & B) 

Photoracr 62 17 (Akcros Chemicals Ltd.) 80 parts 
Hcxonc diol diacrylatc (UCB Chemicals) 20 parts 
25 Ebccryl 80, Oligomcric poiyclhcr tciraocrylalc 16.25 parts 
lrgotorc65l (Ciba Additives) 1.5 pans 
Irgacure 184 ( *' ) 1.5 parts 

Darcurell73( " ) 1.5 parts 
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i 

FORMULATION D (modification of Formulation C) 
Components as listed for FORMULATION C 120.75 parts 

Z-6O20 Silicon surfactant (Dow Coming) 1 port ' 
FORMULATION E 

i 

5 Photomer 6217> Aliphatic urcthnnc acrybtc (Akcros Chemicals Ltd.) 50 parts 

Hexanc diol diacrytnlt? (UCB Chemicals) 50 parts i 
Photoinitiators 

Irgocure 65 1 (Cibo Additives) 2.5 pans [ 
Irgacure 1800 ( w ) 2.3 parts 

10 Thermal cure initiator 

Tett Buiylpcroxy*2-cth) 1-hcxanomc. Intcrox TBPEH (lntcrox Ltd) I part 
PI 15 Copolymcrisablc tertiary amine (UCB Ltd) 1 part 

i 

FORMULATION F j 

i 

Photomer 62 17 (Akcros Chemicals Ltd.) 80 parts ' 
15 Hexanc diol dincrylate {UCB Chemicals) 20 parts 
Phototrmiators 

Irgocure 65 1 (Cibo Additives) 2.5 parts 
LGI56 .PobTncthylmahacnlmc, 'Diokon" (TCI PLC) 17,5 parts 
Formulation 65% Solids in Methyl Ethyl Ketone 

i 

20 Thermal and UV Curable Epoxy Resins ! 

FORMULATION C ! 

EPO-TEK354 (Epoxy Technology Inc) 100 parts 
(2 part Thermal Cure Formulation, Resin 90%, Hardener 1 0%) 
DC 57 Surfactant (Dow Coming Ltd.) 250ppm 
25 FC430 Surfactant (3M) 250ppm 

FORMULATION H 
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OG 123 (Epoxy Technology Jnc) 1 00 parts 
(UV Curable epoxy Formulation, Refractive Index at 633nm, 1.4600) 
DC 57 Surfactant (Dow Coming Ltd.) 250ppm 
FC430 Surfnctcuu (3M) 250ppm 

5 Emmples 4 to 18 - Preparation of M icrostwctu res of the Invention 

Exo m pie 4 

Circuit pattern was embossed using the procedure of PCT/(JB9<i/021 18, by curing the resin 
whilst in contact with surface relief features on a nickel shim through the back of the substrate 
to generate chnnnels approximately 45 microns by 45 microns in cross section using Formulation 

10 A onto 100 micron polyester, , Mciincx S505\ The resin was first deposited down onto an A4 
sheet of the substrate using roller coaling with a 270microns clearance setto give approximately 
lOOmicrons wet No. 6 Meyer bar. The resin supported on the substrate was brought into contact 
will) the waveguide crocks patterned on n nickel shim. Whilst in contact with the shim, the resin 
was irradiated with UV light through the subsume. The resin photocrosslinks and a replica 

15 pattern was generated within the polymer maUix. The embossed substrate was then subject to 
a non-continuous (off-line) mcihod according to Figure 3 to obtain the product microstructurc, 
whereby: 

j) The complete embossing on the flexible substrate was immersed in Solution P for 5 

minutes nt room temperature, the solution being stirred with PTFE magnetic follower; 

20 ii) then, without rinsing, immersed for 5 minutes at 35-40° C in Solution Q, by use of a 
water balh. The solution was swirled occasionally during this period 

The embossed film was rinsed carefully in a 250 ml benker of doionised water. The film, after 
first removing excess liquid with tissue, was blown dry or was allowed to air dry slowly. j 

After drying, the surface of Urc circuit pattern was wiped with a tissue in c manner that 1 
the motion of the wiping was in the same direction as the channels. The objective was 
to remove catalyst from all areas except on the sides and base of the chnnnels. Wiping 
was repeated 3 times. 
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iv) 



The film was then placed in n beaker or solution R for 2 minutes at 46+/- 4QC again 
with agitation. After a few minutes, copper was clearly visible within the channels of 
the pattern and the embossed film was removed from the solution. The Dim was washed 
in carefully dc-ioniscd water a few times then dried 



5 



The substrate film could be flexed without any appnrent disruption to die copper tracks. 



The copper had formed in the desired regions of the channels but nowhere else. 



Example 5 



A microstructure was prepared using the process of Example 4 but in this case a high resolution 
circuit pattern was embossed to generate channels approximately cross section 7 microns by 7 
10 microns with a separation in the range of down to 10 micron. In stage iii) the embossing was 
wiped with a cloth moistened with isopropyl alcohol to remove catalyst* care being taken not to 
wipe within the channels. 



Microscopy confirmed that only the channels were filled with deposited copper and separation 
maintained and on this occasion the immersion period in Solution R was 25 minutes. 



An microstructure was prepared using the process of Example 5 and the circuit pattern of 
Example 4. The deposition of copper was visible clearly after a few minutes ond after 25 minutes 
the embossed structure was removed from solution. The copper in the channels was examined by 
Optical Microscopy. 



Formulation B was used for embossing both circuit patterns of Example 4 and Example 5 onto 
S505 polyester using the process of Example 5. No appreciable difference was observed 
regarding the adhesion of copper within the tracks and the products behaved similarly to those 
produced in Examples 4 and 5 



15 jExamole 6 



20 Exnmnle 7 



25 Example 8 
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Formulation C was used for embossing both circuil patterns ofExamplc 4 and Example 5 onto 
D723 polyester using the process of Example 3. No appreciable difference was observed 
regarding the adhesion of copper within the tracks and the products behaved similarly to those 
produced in Examples 4 and 5> 

5 Example 9 

Formulation D is deposited onto D723 Mclincx polyester using the procedure of Example 5. 
Example 10 

Formulation E is deposited onto 1 OOmicron V P£N' of Example 2 in the form of circuit pattern of 
Example 4. The channels were filled with copper as in Example 5. 

10 Example 11 

The procedure of Example 4 is used with polymers 'Upilex* and 'Stabar* of Example 2 which are 
absorbing in the UV curing region applicable lo the photoinitintors and thus restrict UV light of 
the appropriate wavelength to cure the resin. As a consequence the method of generating/curing 
the pattern onto die substrate is different. The nickel shim described contnining the requisite 
15 pattern is used to generate n polymer replica of the opposite sex as described in Potent 
Application PCT/GB94/021 1 8. This 'polymer shim' has built release properties and can be used 
in a lamination process to deposit n pattern onio Ihc substrate. Again, this tccluiiquc is described 
inPatcntPCT/GBy4/02H8. 



Example 12 

20 Formulation F was deposited down in circuit pattern of Examples 1 and 2 generated as in 
Example I . Copper tracks were deposited as in Example I . The advantage of this combination 
of Substrate and formulation is that there can be higher temperature usage of the product 
compared to those previously generated. For cxnmplc. low temperature soldering of components 
onto the sheet can be carried out if necessary. 



25 Example 13 
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In some applications, the preferred subsume is glass, formulation F was "deposited onto the glass 
using d No. 3 Meyer bar. Lhc resin thickness being of the order of 12-15microns. A shim with 
circuit features was brought into contact with llic resin and squeezed through a Inminator to 
ensure intimate contnet The laminator rolls were set at I nVmin. As tlic ghss/resin/shim laminate 
emerged firom the nip, the resin was illuminated through the base of the glass plate using a 
'Blakray* UV lamp with a power output of 2.5 milliwntts/cm2 at a distance of 15 inches from the 
lamp. The LTV light cures the resin and the shim could be removed from the surface of the 
crosslinked matrix to reveal the embossed channel. 

The interface of this particular UV cured film on glass is susceptible to alkaline conditions, so this 
interface is protected dunng the 3 immersion stages to deposit copper tracks by applying adhesion 
tape to the edges thus preventing ingress of aqueous solution which would remove the film from 
the glass. As a consequence, the process described in Example 4 was repented, tracks deposited 
and the tape removed at the end of the operation. 

Exnmnle 14 



UV crosslinkaWc aeryloies and nicthacn talc films as a general rule are not used for continuous 
operation at temperatures in the region in excess or 1 75 E3C and they can be used only briefly at 
temperatures of 225 -250OC depending on the nature of the matrix. Heal curable cpoxics have 
the advantage of higher temperature usage by the nature of their crosslinkcd matrix. However, if 
thermal stability is an issue for an application where copper tracks have to be deposited* then the 
20 substrate must also have improved thermal stability. In this example, a heat cure epoxy, EPO- 
TEK 354, was deposited and embossed and cured. This can be used for several hours at 
temperatures in excess of 3G0°C and at higher temperatures for briefer periods. 

The technique for embossing the circuit pattern was as follows. 

FORMULATION G was coated onto 2mm sodu glass using a No. 2 Meyer bar to deposit 
25 approximately 12 microns of uncurcd cpoxy. At this stage the viscosity of the resin is too low to 
give good replication and release but by leaving the film supported on glass for 3 hours at 60C, 
then the epoxy had reached a suitable 'green state* for embossing, since the viscosity had risen. 
The embossing was carried out by passing the glass/resin and a nickel shim through a laminator 
at 1 metre/mirt. 
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In this cose, the nickel shim wns separated from the resin revealing the circuit pattern. The j 
embossed epoxy on glass was left overnight, then baked for 2 hours nt 1 50C j 

An alternative procodure would be to lea^ the shim in contact with the epoxy on glass during the I 
high temperature crosslinking process. 

5 The procedure described in Example 4 with copper being deposited within the tracks was 

followed. i 

Epoxic5 also haw the additional advantage of good adhesion to glass and the interlace between 

the glass and embossed Him is not as susceptible to the alkaline conditions present when exposed * 

to Solution C during the copper deposition stage. ! 

i 

10 Example 15 

FORMULATION H,aUV curable cpoxy, was deposited onto glass as described in Example 14 
and the method of lamination/airing/rcplication was used ns described in Example 1 3. Improved 
adhesion of the resin compared to UV curable acfylatcs/mcthacrylatcs on glass is an advantage j 
in certain applications since the interface is not susceptible to alkaline solutions. j 

15 ! 

The process described in Example 4 was followed to generate copper tracks. 
Example 1 6 

A structure comprising surfaee relief features 7.5 micron wide by 7.5 micron deep with a ! 
minimum separation of 10 micron was prepared by the process of Example 4. A conventional 

20 nickel sulphamate electroforming solution was prepared (400 g/l of nickel sulphate and stainless j 
steel anode and cathode plates inserted into the solution. The structure was mounted and secured 
in place on the cathode plate so as to cover all the exposed areas of the cathode plate but leaving 
the surface of the sample exposed. An electrical connection was made between the exposed 
surface relief features (on top of which had previously been deposited a thin layer of copper) and 

25 the cathode plate by applying a thin layer of silver conducting paint in such n way as to 
interconnect all die surfpoe relief features together. Tlx: temperature of the plating bath was 50 a C 
and the pH of the solution was measured to be <i.2. 
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The anode and cathode plates were connected to a constant current power supply and plated as 
a current of 2 mA for 120 mins, at 4 mA for a further 60 min5 and finally at 10 mA for a further 
6 hours. 

Examination using an optical microscope confirmed that tte surface relief features had been over* 
5 filled with nickel, with width approximately twice that of Ac features prior to electroplating. The 
nickel had been selectively deposited only into the surface relief features treated with the 
precursor solution and coated with copper. Where the precursor material had been removed by 
wiping there was no evidence of nickel deposition. 

10 A structure comprising surface relief features 45 micron wide by 45 micron deep was prepared 
by the method of Example 4. The structure was prepared for plating as in Example 16 and 
immersed into the same plating bath under the same conditions. 

The structure was plated at 4mA Tor 6 hours and 6 mA for a further 3 hours. On completion of 
plating die sample was removed from the cnthodc plate, 

15 The sample was uispectcd using an optical microscope as before. The surface relief features bad 
been partially fijlod with nickel The nickel had been selectively deposited only into the surface 
relief fen turcs treated with the precursor solution and coated with copper. Where the precursor 
material had been removed by wiping there was no evidence of nickel deposition. The sample 
was IlexcrJ in both directions to lest the overall adhesion of ihe copper and nickel to the surface 

20 relief features. TJ>crc was no lifting of the metal from the surface, indicating good adhesion of 
the metal layers. 

Example 18* Method for direct writing generation of surface relief features 

The experimental apparatus consisted of a tabic onto which was mounted a flat sted bed of length 
450 mm and width 80 mm and a head assembly guided on bearings mounted down the edge of 
25 the bed and driven by a motoriscd screw tlircad at controlled speed up and down the length of the 
bed . A blue light wns mode to traverse the bed by mounting onto the head assembly and directed 
towards the bed (ICl LUXOR lightbox model 4000 delivering a power output of 220 W in the 
wavelength range 400 to 450 nm). The head assembly wns further mounted with n holder for a 
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polymer resin dispenser And nir pressure pump to apply resin to the dispenser nozzle. Ait angle 
and micron adjuster allowed dispensing direction control nnd ndjustment in micron steps in 
direction transverse to the head assembly, with resin dispensed just in front of the light 

The following polymer resin formulations were prepared: 

5 Formulation A (viscosity 5000 mPa.s): ICI Luxtrax resin grade 000V 

Formulation B : AKROS Chemicals, polyester ncrylatc Aetilane 505 (J 00 parts) comprising 

Camphorquinonc (1.5 parts) 

Dimethylamino ethyl methacry'ntc (2 ports) 

Irgacurc 1800(2 parts) 
10 Formulation C (viscosity 90 Mpa,s); 

UCB Chemicals, polyester ocrylnrc Ebccryl (100 parts) 

Camphorquinonc (1.5 parts) 

Dimelhylaminoclhyl mcthacrylatc (2 parts) 

Irgncure 1800 (1.5 parts) 

15 (a) Table speed was 0.47 m/min, nozzle diameter 1 . 1 mm, air pressure 25 psi. was used. 

Parallel tracks or resin Formulation A were deposited onto a 375 micron thick 
polycarbonate substrate (LEXAN sheet) and cured Tor n further 35 5 after deposition 
using a second pass with the head Assembly. Self-supporting track features were 
successfully written. 

20 (b) The experiment of (a) was repented except using a resm with a lower viscosity 
formulation B). Tracks were successfully written. 

(c) The experiment of (b) was repeated using a pressure of4 1 psi nnd speed of 0.60 m/min. 
Tracks were successfully written. 

(d) Nozzle of inner dmmctcr 1 10 micron was used with pressure 42 psi and speed 0.65 
25 m/min in the method of a). Tracks were successfully written. 

(c) Tracks were written using the conditions of (d) above and a lower viscosity Formulation 
C. The tracks did not hold their form correctly due to the viscosity of the resin being 
too low. 
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(0 The experiment of (e) above wns repeated except with n higher head speed of L16 
m/min. Trucks were successfully written with height measured to be 124 micron using 
an Alpha Step 200 surface profiling machine, width 1 1 0 micron ond spacing 60 micron 
apart. 

5 (g) With nofcdc comprising capillary of inner diameter 50 micron, 373 micron thick 
polycarbonate substrate was coated with 10 nm of chromium ond 60 nm of silver. The 
pressure was 30 psi and the table speed 1.16 m/min. Tracks were successfully 
produced with width 1 10 micron and separation 60 micron. 

(h) Using low viscosity resin Formulation C. Tracks were written using the 50 micron 
10 capillary, uiMnetallised polycnrbonmc substrate, air pressure of 3 psi and head speed 

to 0.88 m/min. Tracks «crc successfully written with width 12 micron, height 1.9 
micron and separation 220 micron. 

(i) Tracks were written with resin formulation C as for (h). The polycarbonate substrate 
was coated with mcrnt ns in (g). The air pressure was 6 psi and the hend speed 1.16 

15 m/min. Tracks were successfully written with width of (he tracks measured to be 5 1 

micron and separation 109 micron. 
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CLAIMS 

L A composite multifunctional microstructure which comprises at least one functionalising I 
material associated with a microslniclune wherein the microstructure comprises a layer of relief ! 
fonning material preferably comprising an at least partially UV curable relief forming polymer j 
5 baying a plurality of rclicr features formed therein to provide at least one retaining feature; and 
wherein the functionalising matcrinl is deposited within and substantially or partially fills or lines 
the at least one retaining feature. 

i 

a) An optional/dispensable first layer of a first substrate, the optional/dispensable first layer 
having a receptive surface capable of retaining a relief forming polymer, 

10 b) an optionally dispensable second layer of a relief forming polymer that is preferably at 
least partially UV curable, over the receptive surface; 

c) a plurality of optionally dispensable relief features formed in the second layer of relief 

forming material to provide at least one retaining structure; and j 

| 

j 

d) a third layer or at lensi one functionalising material deposited within and substantially ! 
15 or panially filling or lining the at least one retaining feature. 

i 

3. Mietostrucluro according to any of Claims 1 and 2 wherein the functionalising material 
is deposited within the M least one retaining feature with thickness, deposit width or spacing 
between adjacent deposits of ilie order of micro level to molecular level, preferably of 25 micron 
and less, more preferably 1 5 micron and less, most preferably 1 0 micron and less, in dimensions 

20 down to even orders of 1 or 0. 1 micron. 

4. Microstructure according to any of Claims 1 to 3 wherein the functionalising material is 
selected from any substantially non UV curable non polymeric material such as a targeted growth 
material which may be obtained by deposition of a marker material such as a catalyst in the 
retaining features,, with subsequent growth thereon: or any partially or substantially UV curable 

25 polymeric material. j 

5. Microstructure according to any of Claims J to 4 wherein relief forming material 
ptionnlly comprises or includes at least one funciionnlising material as hereinbefore defined 



i 
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which is (he same 03 or different to, and is advantageously different to (hat deposited in the at 
least one retaining feature. 

6. Mierostructurc according to any of Claims 1 to 5 where functionalising material 
comprises any material adapted for energy differentiation (separating materials of different phases 

5 for example bydicJectrophoresis, separating or shielding light of selected wavelengths), energy 
manipulation (transporting materials by capillary action), energy conversion between different 
forms, transformation of energy density, (transformation of voltage* wave length conversion of 
light and the like), spatial transformation (transporlMion of energy, power transmission, 
communication and the like) and transformation along a time scale (energy storage, data storage, 
10 for example batteries or magnetic data storage and the like), 

7. Microstmclure according to nnv of Claims I to (> wherein miniaturised fine lines axe 
substantially free from distortion effects by virtue of highly precise production techniques. 

8. Mierostructurc according to any of Claims 1 to 7 comprising miniaturised fine lines 
providing track density comparable with high pin out densities of currently miniaturised 

IS microchips to enable direct chip on board mounting, 

9. Mierostructurc according to any of Claims 1 to 7 comprising miniaturised fine lines 
providing automatic identification such as bar codes which may be interrogated optically, 
magnetically, by microwave or other means. 

10. Mierostructurc according to any of Claim 1 to 7 comprising miniaturised fine lines 
20 having low density fine line coverage adapted for high optical transmission for displays and the 

like, combined wiih features of security, reducing unauthorised, indirect line viewing, and the like. 

1 1. Mierostructurc according to any of Claims I to 7 for use comprising miniaturised fine 
lines associated with the relief shape and/or aspect ratio derived from at least one retaining feature 
of the micro structure. 

25 12. Mierostructurc according to any of Claims I to 7 comprising three dimensional 
microcircuitry devices, by use of connection in a plane of layers as hereinbefore defined and 
between additional planes of such layers, or by use of highly flexible circuitry which may be 
folded into a three dimension:*] shape for miniaturisation of products, and/or association with 
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other multifunctional modules in fault tolerant manner with improvod robustness of circuit tracks 
to failures, with provision of progressive failure safeguards. 

13. Microstnieture according to any of Claims 1 to 7 comprising Fine line circuitry together 
with associated packaging wherein additional Junctionalhy is provided by the packaging, and/or 

5 the packaging comprises a micro relief array or microsystem as Ixa-einbcfore defined for efficiency 
of production. 

1 4. Microstnieture according to any of Claims 1 to 7 adapted for use as microelectrodw in 
bio-electrical applications, in the order of molecular level for compatibility with chemical and/or 
biological active functions, adapted for measurement as bio-sensors with enhanced measurement 

10 efficiency per unit area by virtue of the compatibility of the electrode size with the particle size 
or molecular level dimensions of the system or for separation purposes. 



15 Microstnieture according to any or Claims I to 14 wherein functionalising material is 
suitably selected from the group consisting of metals from Groups Va, Via, Vila, VIII. Ib, lib, 
UIb F IVb F Vb, Vlb, and the actinides of the Periodic Table of the Elements, for example, V, Cr, 
Mo, W, Mn, Re, Fc, Co, Rh, NL Pd, Pt. Cu, Ag, Au, Zn, Cd t Al, C Si, Sn, Pb, Sb, P, Te, Th, and 
alloys thereof; and fiom known UV curable magneto, fcrro or electrically active polymer, for 
example selected from but not limited to proccssable forms of polyaniline, polyvinyiene, 
polythipphenc, polypyrrole, polyphcnylene, pohphcnylcncvinylenc and precursors, analogues 
or copolymers thereof. 



15 



20 



25 



16. Method for the production of a microstnieture ns hereinbefore defined in Claims 1 to 
15 comprises providing (optional or dispensable) first and (optionally dispensable) second layers 
of a microstructurc as hereinbefore defined comprising retaining features and providing third layer 
comprising functionalising material as hereinbefore defined, wherein the functionalising material 
or its precursor is deposited in manner to substantially fill or line the base and/or walls of 
retaining features, prior to or substantially simultaneously with or subsequent to the formation 
of the relief features. 

17. Method as claimed in Claim 16 which comprises the stages 

a) providing a first, optionally dispensable, layer as hereinbefore defined: 

b) contacting the surface or part thereof with a precursor of targeted growth functionalising 
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material comprising target medium as hereinbefore defined: 

c) providing a second layer of a relief fanning polymer over the receptive surface; 

d) providing a plurality of relief features formed in the second layer of relief forming polymer to 
provide dt least one retaining Feature as hereinbefore defined with an overlay of relief forming 

5 polymer in the base of the retaining feature; and 

e) contacting with a growth medium ns hereinbefore defined in manner to provide a third layer 
of at least one substantially nou UV curable, non polymeric functionnlising material contained 
within and substantially or partially HI ling or lining the at least one retaining feature, as 
hereinbefore defined: 

10 wherein the overlay is substantially zero to allow contact of target and growth medium. 

18. Method as claimed in Claim 17 comprising the stages of 
a), c)« and d) as hereinbefore defined; 

bl) contacting the base and/or walls of the at least one retaining feature with a 
functionnlising material or precursor thereof as hereinbefore defined by means of 
selective or non selective deposition: and 
15 el) contacting with a growth medium as hereinbefore defined in c) above or curing with a 
source of UV to provide third Inycr as hereinbefore defined. 

19, Method as claimed in Claim 16 wherein the third layer as hereinbefore defined is 
provided by the following steps: 

Bl) forming a line of contact between the second layer and at least one mould feature 
20 formed in a flexible dispensing layer; 

B2) applying sufficient of a functionnlising material or its precursor to substantially or 

partially fill or line the nt least one mould feature, along the line of contact; 
B3) progressively contacting the receptive surface with the flexible dispensing layer such 
that the line of contact moves across the rccoptiyo surface ttad sufficient of the 
25 functionnlising material or its precursor is captured by the mould feature so as to 

substantially or partially fill or line the mould feature; and optionally, thereafter 
B4) releasing the flexible dispensing layer from the at least one relief feature. 

20 Microstructures obtained bv the method of am- of Claims 16 to 19. 



21. Microstructures as claimed in any of Claims 1 to 15 and 20 for use in multifunctional 
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systems selected from micro-optic, micro-fluidic, micro-clectricnl/micro-3COU5b'cv micro- 
magnetic, micro-biological und/or micro-nicchoniwJ applications. 

22. Apparatus for the production ofmicrostructurcs as chimed in Claim 1 to 15. 
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